A large defect in the thoracic trachea was produced by rejecting 10 rings of tracheal cartilage in each of 11 adult mongrel dogs. An allograft of the five tracheal rings was interposed in this site via end-to-end anastomosis and then wrapped with the pedicled omental flap. These animals received no immunosuppressive therapy. The pseudostratified tracheal epithelia were remained and the graft revascularization through the omental pedicle proved to be established within about one week after surgery without immunosuppression. Marked mononuclear cell infiltration was observed beneath the epithelia and around the capillaries in the subepithelial layer over one week after surgery, which was followed by phagocytosis of the tracheal cartilages by macrophages. After the completion of rejection reaction, inflammation finally induced scarring or necrosis of the tracheal allograft, resulting in asphyxia or perforation. Only one animal survived 71 days after surgery without graft trouble. However, even in this animal, weak rejection reaction was observed microscopically and the structure of the graft was not that of the normal trachea. We think these results suggest that allotransplantation of trachea induces rejection, and therefore, that the use of immunosuppressants is necessary.
A large defect in the thoracic trachea was produced by rejecting 10 rings of tracheal cartilage in each of 11 adult mongrel dogs. An allograft of the five tracheal rings was interposed in this site via end-to-end anastomosis and then wrapped with the pedicled omental flap. These animals received no immunosuppressive therapy. The pseudostratified tracheal epithelia were remained and the graft revascularization through the omental pedicle proved to be established within about one week after surgery without immunosuppression. Marked mononuclear cell infiltration was observed beneath the epithelia and around the capillaries in the subepithelial layer over one week after surgery, which was followed by phagocytosis of the tracheal cartilages by macrophages. After the completion of rejection reaction, inflammation finally induced scarring or necrosis of the tracheal allograft, resulting in asphyxia or perforation. Only one animal survived 71 days after surgery without graft trouble. However, even in this animal, weak rejection reaction was observed microscopically and the structure of the graft was not that of the normal trachea. We think these results suggest that allotransplantation of trachea induces rejection, and therefore, that the use of immunosuppressants is necessary. trachea ; allotransplantation ; mongrel dog ; omentopexy ; rejection FK-506 alone (Moriyama et al. 1989) . In this paper, we report the histological features of rejection reaction when no immunosuppressant is used in our experimental tracheal allotransplantation using omentopexy in mongrel dogs.
MATERIALS AND METHODS
Eleven adult mongrel dogs, weighing 8 to 20 kg, were anesthetized with intramuscular ketamine, intravenous sodium pentobarbital (30 mg/kg), and pancronium bromide (2 mg). The animals were orally incubated and connected to a volume-limited respirator. The animals were placed in a right thoracotomy and midline laparotomy position. The omentum was mobilized through an upper abdominal midline incision, taking care to preserve the vascular supply from the right gastroepiploic artery. The thoracic trachea was dissected and ten tracheal rings were excised through the right fourth intercostal incision. A 5-rings tracheal allograft was interposed in this defect and sutured in place with 4-0 Prolene over-and-over running sutures. The omental pedicle was pulled up into the thoracic cavity through a 3 cm opening at the right dome of the diaphragm and was wrapped around the whole graft (Fig. 1 ). After surgery, no immunosuppressive therapy was applied.
Five of the 11 animals were sacrificed several days after operation for histological study of the early phase of rejection reaction. Animals that died were subjected to laparotomy and thoracotomy to determine the cause of death ; tracheal graft, including the wrapped omental pedicle, was excised. The three animals (Nos. 3, 7 and 11) were canulated into the right gastroepiploic artery and injected with 20 ml of India ink under 100 cm of water (B) Transplantation of 5-rings allograft to the tracheal defect, and elevation of the omental pedicle through the right dome of the diaphragma.
(C) Wrapping of the omental pedicle around the allograft including both the anastomoses. pressure before they were sacrificed to examine revascularization from the omental pedicle to the graft. After macroscopic observation, tracheal grafts were fixed in 10% formalin solution for histological examination.
All the animals received humane animal care in compliance with the "Principles of Laboratory Care" formulated by the National Society for Medical Research and the "Guide for the Care and Use of Laboratory Animals" prepared by the National Academy of Sciences.
RESULTS
Results of allograft transplantation without immunosuppression are shown in Table 1 . Long-term survival was achieved only in one animal (No. 6) that was sacrificed 71 days after transplantation, showing atrophic and yellowish colored transplant compared with normal trachea at necropsy (Fig. 2a) . Histological examination of this animal revealed abnormalities ; the graft had only one epithelial layer, severe fibrosis in the subepithelial tissue and no regeneration of the tracheal secretory gland (Fig. 2b) . Although tracheal cartilages were retained, small recesses containing mononuclear cells at the margin of the cartilages were seen (Fig. 2c) . In the other animals, tracheal grafts of the animals which died within about one week after surgery showed relatively normal appearance ; pseudostratified columnar ciliary epithelia, normal subepithelial tissue containing secretory glands, and the normal shaped cartilages without cell infiltration (Figs. 3a, 3b ). Animal No. 3 was sacrificed on day 7 after injection of India ink. This ink was histologically detected in the capillaries of the subepithelial tissue, showing graft revascularization within the 7th postoperative day without immunosuppression (Fig. 4) . However, the grafts taken from the animals that survived more than one week after surgery showed degeneration, (Fig. 5a) , around the small vessels in the subepithelial space and the tracheal cartilages (Fig. 5b) , and around the minor vessels in the omentum. In animal No. 11 on day 14, the allograft seemed to be surviving, and the subepithelial capillaries were stained with India ink macroscopically (Fig. 6a) . Microscopic findings of this animal revealed more severe subepithelial damage than those seen in animal No. 7 (Fig. 6b) and disclosed that the tracheal cartilages were infiltrated and scraped by mononuclear cells (Fig. 6c) . The animal No. 8 died of asphyxia on day 26 due to severe stenosis of the airway caused by extreme shrinking of the graft (Fig. 7a) . Histological examination revealed the defect of epithelia and the necrotized and scraped tracheal cartilages in the scar tissue (Fig. 7b) .
DISCUSSION
We clarified histologic features of rejection in the tracheal allograft with omentopexy ; well preserved tracheal structure and establishment of revascularization through the omental pedicle within about one week after surgery were followed by marked infiltration of mononuclear cells around the small vessels in the omental pedicle, in the subepithelial interstitial space, and around the capillaries in the subepithelial layer, leading to the phagocytosis of tracheal cartilages by macrophages and finally causing fibrotic changes or necrosis of the transplant. These histologic changes finally brought about severe stenosis or perforation of transplants. Although only one animal (No. 6) lived for 71 days, the histological structure of the allograft was abnormal. This animal alone survived for such a long time, even if a weak rejection reaction was seen, likely because the graft was relatively histocompatible with the recipient. Ferguson et al. (1950) and Gibson (1967) reported that the trachea has no antigenicity and that its transplantation does not lead to rejection. Since then, various allo-and hetero-transplantation trials have been conducted on the trachea ; however, most of them failed, having no immunosuppression and no measures to revascularize the graft.
Some recent reports admit that the trachea is antigeneic and induces rejection. Toivio et al. (1973) performed allotransplantation of the trachea in adult mongrel dogs and observed lymphocyte aggregation at the site of collapse of tracheal cartilage and perivascular lymphocyte cuffing generally distributed in the subepithelial space. Lane et al. (1977) transplanted allogeneic tracheas to the abdominal walls of rats and confirmed the resulting rejection reaction ; normal epithelium of the graft was maintained for several days, mononuclear cells consisting principally of small lymphocytes appeared in the epithelium or perivascular sites in the subepithelial layer 10 to 15 days after surgery, and subsequently, activated lymphocytes and lymphoblasts induced tissue injuries. Beigel and Miiller-Ruchholtz (1984a, b) reported, after a series of experiments, that the more frequent the presensitization of skin grafting is and the higher the histoincompatibility is, the lower the graft survival rate. Beigel et al. (1984) also succeeded in producing an antibody in LEW rats against tracheal epithelium in CAP rats. Bujia et al. (1990) demonstrated HLA class II subregion gene products on human tracheal epithelium and mixed glands. They concluded that tracheal mucosa may be the major antigeneic structure of the trachea and therefore responsible for the immunogeneic action of allogeneic tracheal transplants. Rose et al. (1979) reported the first clinical case of tracheal allotransplantation without immunosuppression. They did HLA typing and found one HLA-A and two HLA-B mismatches. They obtained 9 weeks graft survival and concluded that tracheal transplants induce only a weak rejection reaction even in the major histoincompatibility. In our experiment, the allograft survived 71 days in one of the 11 cases without immunosuppression. However, even in this case weak rejection reaction was histologically observed. So, we consider that there is a possibility of progressive rejection reaction and long-term follow-up is necessary in the case of Rose et al.
In the present experiment, we obtained results similar to Toivio's and Lane's. Exactly, perivascular cuffing and mononuclear cell infiltration were observed in the immediately beneath the epithelia in the animals on day 8, in which no epithelial injury was recognized. Severe infiltration of mononuclear cells to the subepithelial tissue, epithelial injuries, cellular infiltration to the tracheal cartilages and melting of the cartilaginous matrix were detected in animals survived more than two weeks. Previously, we reported a good results and long-term graft survival in tracheal allotransplantation using omentopexy with immunosuppressant (Moriyama et al. 1989 ). We performed the same procedures as present experinent in 28 adult mongrel dogs, except for the administration of immunosuppressant FK-506. Only 2 animals died of rejection or graft necrosis and twenty allografts were proved to be survived ; the viability of the residual 6 grafts was not determined, because the animals died of other diseases within 5 days. Eighteen animals survived for more than two weeks and no histological sign of rejection, as mentioned above, was not seen in their allografts. These results suggest that tracheal allograft induces rejection reaction if no immunosuppressant were administered, and therefore, that the use of immunosuppressants is necessary in tracheal allotransplantation. Although degeneration of the subepithelial tissue of the allograft is severe in this case, India ink injected from the right gastroepiploic artery before sacrifice is seen in the capillaries of the subepithelial layer (arrows). No recess is seen on the surface of the cartilage. 
